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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
acre 0.4047 hectare

acre-foot 1,233 cubic meter
foot 0.3048 meter

gallon per minute 0.06309 liter per second
inch 254 millimeter
mile 1.609 kilometer
million gallons per day 0.003785 million cubic meters per day
square mile 2.590 square kilometer

To convert degree Fahrenheit (°F) to degree Celsius (°C) use the following formula:

°C =5/9 (°F - 32).

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929--a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea

Level Datum of 1929.
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Water-Level Changes in the High Plains Aquifer--

Predevelopment to 1992

By Jack T. Dugan, Timothy McGrath, and Ronald B. Zelt

ABSTRACT

Regional variability in water-level change
in the High Plains aquifer underlying parts of
Colorado, Kansas, Nebraska, New Mexico,
Oklahoma, South Dakota, Texas, and
Wyoming results from large regional
differences in climate, soils, land use, and
ground-water withdrawals for irrigation. From
the beginning of significant development of
the High Plains aquifer for irrigation to 1980,
substantial water-level declines have occurred
in several areas. The estimated average
area-weighted water-level decline from
predevelopment (1940) to 1980 for the High
Plains was 9.9 feet, which is an average
decline of about 0.25 foot per year. Declines
exceeded 100 feet in some parts of the Central
and Southern High Plains. Declines were
much smaller and less extensive in the
Northern High Plains, largely as a result of
later irrigation development.

Since 1980, water levels in those areas of
large declines in the Central and Southern
High Plains have continued to decline, but at a
slower annual rate. The estimated average
area-weighted water-level decline from 1980
to 1992 for the entire High Plains was
2.24 feet, which is an average annual decline
of about 0.19 foot. The slower rate of decline
since 1980, in relation to the rates prior to
1980, is associated with a decrease in ground-
water application for irrigated agriculture and
greater-than-normal precipitation. Water-
conserving practices and technology, in
addition to reductions in irrigated acreages,
contributed to the decrease in ground-water
withdrawals for irrigation. Water-level
declines exceeding 20 feet since 1980,
however, are widespread in parts of

southwestern Kansas, east-central New
Mexico, and the Oklahoma and Texas
Panhandles. Widespread declines of 10 to
20 feet and exceeding 20 feet in smaller areas
occurred in northeastern Colorado, north-
western Kansas, southwestern Nebraska, and
the Nebraska Panhandle from 1980 to 1992.
Water-level rises exceeding 20 feet occurred in
the extreme Southern High Plains in Texas
where precipitation was much greater than
normal from 1980 to 1992. Widespread water-
level rises of 5 to 10 feet occurred in eastern
Nebraska during the same period in
association with greater-than-normal
precipitation. '

The estimated average area-weighted
water-level decline from 1991 to 1992 was
0.55 foot, even though the average area-
weighted precipitation was well-above normal
in 1991 in the High Plains (+1.98 inches).
Water-level declines of 3 to 5 feet were wide-
spread in the intensively irrigated areas of the
Central and Southern High Plains, particularly
southwestern Kansas and the High Plains of
Texas. These declines do not appear to be
closely related to the 1991 precipitation
patterns in these areas. Declines of 1 to 3 feet
were common throughout the intensively
irrigated areas of the Northern High Plains and
the less intensively irrigated areas of the
Central and Southern High Plains. Water
levels continued to rise, generally 1 to 3 feet,
in the extreme southeastern part of the
Southern High Plains in Texas. Widely scat-
tered areas of 1- to 3-foot rises also occurred in
parts of northeastern and central Nebraska
where precipitation was near to slightly greater
than normal in 1991.

Abstract 1



INTRODUCTION

The Omnibus Water Resources Development
Act of 1986 (Public Law 99-662) amended the
Water Resources Research Act of 1984 (Public
Law 98-242). The amendment added a Title III to
the legislation, which states in Section 306 that the
U.S. Geological Survey (USGS) in cooperation
“... with the States of the High Plains region is
authorized and directed to monitor the levels of the
Ogallala [High Plains] aquifer, and report annually
to Congress.” Congress recognized that accurate
information on the conditions and changes in the
High Plains aquifer is necessary to make sound
management decisions concerning the use of water,
to project future economic conditions, and to
conduct hydrologic research pertaining to the High
Plains.

The High Plains aquifer (formerly called the
Ogallala aquifer) underlies one of the major agri-
cultural areas in the United States (fig. 1). About
20 percent of the irrigated land in the United States
is in the High Plains, and about 30 percent of the
ground water used for irrigation in the United
States is pumped from the High Plains aquifer
(Weeks and others, 1988).

Many studies of parts of the aquifer have been
completed by irrigation districts, local agencies,
State agencies, the USGS, and other Federal
agencies. A major study that examined the
physical features of the entire aquifer was
completed by the USGS. The High Plains Regional
Aquifer-System Analysis (High Plains RASA)
described the geology and hydrology of the aquifer
in detail (Gutentag and others, 1984; Weeks and
others, 1988). Computer models for each of three
regional subdivisions of the High Plains (fig. 1)
were developed during that study to simulate the
effects on the aquifer of several proposed water-
management practices. The analyses made as part
of the High Plains RASA were based on data
collected before 1981. Beginning in 1988, water-
level data again were systematically collected and
compiled in an aquifer-wide data base (Kastner and
others, 1989). The USGS and State and local
agencies have compiled water-level data collected
since 1980 at more than 12,000 locations.

This report, the fifth in a series, was prepared
to fulfill requirements of Section 306, Title III of
Public Law 98-242 as amended. It describes the

High Plains aquifer, the factors that affect water
levels in the aquifer, the history of aquifer
development, water-level changes from
predevelopment through the nonirrigation season
(generally October through March) of 1979-80
(herein referred to as predevelopment to 1980),
water-level changes between the nonirrigation
season of 1979-80 and the nonirrigation season of
1991-92 (herein referred to as 1980 to 1992),
precipitation patterns from 1981 through 1991
(herein referred to as 1981-91), water-level
changes between the nonirrigation seasons of
1990-91 and 1991-92 (herein referred to as 1991 to
1992), and precipitation patterns for 1991. The
changes are shown on maps and are identified in
long-term hydrographs of water levels in selected
wells.

This report differs somewhat from the previous
report in this series (McGrath and Dugan, 1993).
Changes in saturated thickness are statistically
described in a table in this report. A more com-
plete statistical description of precipitation by time
period also is provided in tabular form. An
additional illustration has been provided to show
observation wells measured in 1980 and 1992.

This report is possible because of the efforts of
numerous individuals from local, State, and
Federal agencies who have inventoried the well
sites, measured the water levels, and processed the
data for more than 12,000 locations on an ongoing
basis. In addition, the ground-water-data personnel
of the USGS in each of the High Plains States have
collected and computerized these data from the
numerous, diverse sources and analyzed the results
for their States. The following USGS personnel
serve as the High Plains ground-water data base
administrators for their respective States:
Colorado, E.R. Banta; Kansas, C.V. Hansen and
B.J. Dague; Nebraska, G.V. Steele; New Mexico,
R.R. Cruz; Oklahoma, J.E. May; South Dakota,
K.M. Neitzert; Texas, S.C. Gandara; and
Wyoming, K.A. Miller. High Plains aquifer
water-use data were supplied by the following
USGS personnel: R.G. Dash, Colorado; L.A.
Garrabrant, New Mexico; Z.D. Hill, Nebraska; and
H.A. Perlman, Georgia.
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The relation between precipitation (fig. 2) and
estimated potential recharge (fig. 3) is apparent.
Estimated average annual potential recharge
amounts range from about 25 percent of the
average annual precipitation in eastern Nebraska to
less than 0.5 percent in the western parts of the
High Plains. Generally, where average annual
precipitation exceeds 24 inches in the High Plains,
the estimated average annual potential recharge
exceeds 4 inches. Potential recharge exceeds
6 inches in parts of eastern Nebraska and central
Kansas, where the soils are sandy and precipitation
exceeds 25 inches. In parts of the far western High
Plains, however, where precipitation is less than
16 inches, evapotranspiration generally exceeds
60 inches, and soils are fine textured, estimated
average annual potential recharge is less than
(0.25 inch (Dugan and Zelt, in press). Estimates of
annual recharge of 6 inches and 0.25 inch in these
areas, respectively, by Weeks and others (1988)
compare well with those of Dugan and Zelt (in
press).

Although the effect of precipitation on esti-
mated potential recharge is evident, other factors
also are important in defining local recharge
patterns. Estimated recharge that is large for the
existing climatic conditions in parts of north-
central and southwestern Nebraska, northeastern
Colorado, south-central Kansas, and western Texas
is largely attributable to sandy soils (Dugan and
others, 1990; Dugan and Zelt, in press).

Agricultural practices also affect local patterns
of potential recharge in the High Plains. Rates of
potential recharge are increased in the southern
Nebraska Panhandle, most of the Kansas High
Plains, northeastern Colorado, and parts of the
Oklahoma and Texas Panhandles as a result of
large areas of fallow land associated with winter
wheat. Potential recharge also is increased sub-
stantially in eastern and central Nebraska, central
and southwestern Kansas, and parts of the Texas
Panhandle where other crops largely have replaced
native grasslands (Dugan and Zelt, in press).

Average annual potential recharge shown in
figure 3 does not indicate the large variability in
recharge through time. Recharge throughout the
High Plains may vary considerably from year to
year, principally because of variations in precipita-
tion. In many years recharge may not occur in
areas where annual precipitation generally is small.

Most of the long-term average recharge can result
from a few short, wet periods. The recharge pro-
cess commonly is cyclical in the High Plains--2 or
more consecutive years in which conditions are
favorable for recharge, followed by several years
when these conditions are not present and recharge
is negligible.

Discharge

Water is discharged from the High Plains
aquifer both naturally and artificially. Natural
discharge from the aquifer occurs as evapotrans-
piration from plants and soil where the water table
is near the land surface and as seepage from the
aquifer through springs and to streams where the
water table intersects the land surface. Long-term
natural discharge would tend to balance long-term
natural recharge. Water is artificially discharged
from the aquifer predominantly by pumping from
wells. Artificial discharge can cause an imbalance
in the recharge-discharge relation in the aquifer;
when discharge exceeds recharge, some water is
removed from storage. Part of the imbalance can
be offset by a decrease in natural discharge or an
increase in induced recharge from streams caused
by the lowering of the water table.

Comprehensive data on the withdrawal and use
of water from the High Plains aquifer are collected
and published at 5-year intervals by the USGS in
cooperation with State and local agencies (Solley
and others, 1993). Some of these data are derived
from records of metered wells; however, most
water withdrawn from the High Plains aquifer is
from wells that are not metered, particularly those
used for withdrawal of water for irrigation, rural
domestic consumption, and livestock. Estimated
irrigation pumpage is extrapolated from (1) avail-
able metered pumpage and (2) computations of
pumpage based on consumptive irrigation require-
ments, acreages of irrigated crops, and irrigation
efficiency data. Rural domestic water use and
livestock consumption are extrapolated from
average consumption per capita and per head of
livestock for a known population and number of
livestock, respectively.

Withdrawals from the High Plains aquifer
declined between both 1980 and 1985 and 1985
and 1990. The estimated total volume of water
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withdrawn from the High Plains aquifer was
20,519,000 acre-feet in 1980 (Wayne Solley, U.S.
Geological Survey, oral commun., 1988),
17,071,500 acre-feet in 1985, and 16,534,800 acre-
feet in 1990 (table 3). Thus, withdrawals
decreased about 17 percent between 1980 and 1985
and about 3 percent between 1985 and 1990. The
3-percent decrease in total withdrawals between
1985 and 1990 was due largely to a nearly
4-percent decrease in water withdrawals for
irrigation and livestock use during that period.
Although comparable livestock water-use data are
not available for 1985, available data indicates
livestock water use probably increased slightly
from 1985 to 1990 (Carr and others, 1990; Solley
and others, 1993). Thus, the decrease in total
agricultural water use was attributable almost
entirely to decreases in irrigation water use.
Nonagricultural water uses increased about

15 percent between 1985 and 1990 (table 3).
Further comparison of changes in nonagricultural
water uses between 1985 and 1990 is not possible
because of differences in water-use classification.

The ground-water withdrawal statistics in table
3 apply only to individual years, which are not
necessarily representative of long-term water use.
Withdrawals, particularly for irrigation, are
affected by climatic conditions, particularly
precipitation, which can cause large fluctuations in
water requirements. None of the water-use
reporting years--1980, 1985, and 1990--appear to
represent extraordinary precipitation conditions in
the High Plains. Some of the decreases in with-
drawals between 1980 and 1985, however, are
attributable to precipitation increases and, conse-
quently, smaller irrigation requirements in parts of
the High Plains in 1985, particularly in Nebraska
(Steele, 1988). The apparent 10-year decline in
total ground-water withdrawals from the High
Plains aquifer largely is a result of reduction in
withdrawals for irrigation. This reduction is a
result of several factors, including:

(1) Climatic conditions since 1980 have been
conducive to decreased water demands. Prolonged
droughts generally were absent from 1980 to 1991
in most of the major irrigated areas of the High
Plains. Precipitation was above normal in nearly
all parts of the High Plains in 1981-91, averaging
nearly 2 inches above normal.

(2) There has been a long-term decrease in the
amount of irrigated cropland in parts of the High
Plains. In Texas, the irrigated land in the High
Plains decreased by 1.39 million acres or about
31 percent between 1979 and 1991 (Gutentag and
others, 1984; Dugan and Schild, 1992, p. 44). In
the remaining High Plains States, the amount of
acres irrigated either have stabilized or have
decreased since the late 1970’s or early 1980°s
(Kastner and others, 1989; Dugan and Schild,
1992). Stable or declining agricultural commodity
prices and increased irrigation and other
production costs since the late 1970’s have made
irrigation of crops only marginally profitable.
Increased costs due to declining water tables and
increased energy prices have reduced the profit
margin on irrigated land. In some areas, the
number of irrigated acres has declined because
reduced saturated thickness of the aquifer has
reduced well yields.

(3) Improved agricultural management
practices have reduced the volume of water needed
to meet consumptive irrigation requirements of
crops. These practices include widespread use of
minimum-tillage methods, more precise irrigation
scheduling and application rates through monitor-
ing of soil-water conditions, technological and
operational improvements in irrigation delivery
systems, and improved plant varieties that utilize
available soil water more efficiently.

Kansas, Nebraska, and Texas, which have
nearly 75 percent of the land area overlying the
High Plains aquifer (table 1), accounted for about
85 percent of both the total withdrawals and
withdrawals for irrigation from the High Plains
aquifer in 1990 (table 3). Three major areas of
large withdrawal rates occur in the High Plains:
(1) eastemm and south-central Nebraska;

(2) southwestern and south-central Kansas; and
(3) the northem part of the Southern High Plains in
Texas and New Mexico (fig. 4). Areas with slight-
ly smaller withdrawal rates include an area encom-
passing northeastern Colorado, southwestern
Nebraska, west-central Kansas, and the northwest-
ermn Panhandle of Texas. In all of these areas, the
saturated thickness of the aquifer, well yields, soils,
and topography are conducive to irrigated
agriculture.

The ground-water withdrawals rates by county
shown in figure 4 principally represent irrigation
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normal during 1981-91 (fig. 12, table 6), some
areas were considerably above normal, whereas
other areas were near to slightly below normal.
(2) Long-term regional differences in recharge
(fig. 3) and consumptive irrigation requirements
(fig. 5) resultin large differences in net with-
drawals from the aquifer (fig. 6). (3) Considerable
regional and local differences exist in the intensity
of irngation development and ground-water with-
drawal rates (fig. 4). (4) Regional and local diff-
erences in the hydrogeology of the High Plains
aquifer result in differences in the aquifer’s
hydraulic characteristics and the response to
ground-water development.

Northern High Plains

The total area of water-level declines exceed-
ing 5 feet from 1980 to 1992 in the Northern High
Plains was relatively smaller than comparable
declines in the other subdivisions of the High
Plains (fig. 11). The largest area with declines
exceeding 5 feet was a relatively continuous area
including parts of southwestern Nebraska, north-
eastern Colorado, and northwestern Kansas.
Substantial irrigation development began in this
area in the early to mid-1960’s, and by 1980 water
levels had declined between 10 and 50 feet
throughout much of the area (fig. 7). From local
predevelopment in this area (1965) to 1980, the
average rate of water-level decline was about 2 feet
per year. From 1980 to 1992, water levels declined
about 1 foot per year. In parts of Sheridan and
Thomas Counties, Kansas, where water-level
declines exceeded 20 feet from 1980 to 1992, the
rate of decline since 1980 has been about 1.5 to
2.0 feet per year.

The potential for water-level declines in
southwestern Nebraska, northeastern Colorado,
and northwestern Kansas is relatively large
because of the intensive irrigation development
indicated by the ground-water withdrawal rates
(fig. 4), small recharge rates (fig. 3), and large
consumptive irrigation requirements (fig. 5).
Ground-water regulations that limit new well
construction and ground-water withdrawals were
imposed in the late 1970’s in Chase, Dundy, and
Perkins Counties, Nebraska, and in parts of the
Northern High Plains of Colorado and Kansas.
These regulations may have contributed to slower

rates of decline from 1980 to 1992 as compared to
1965-80. Precipitation during 1981-91 was
generally above normal throughout most of this
area, except in parts of northwestern Kansas and
extreme southwestern Nebraska (fig. 12). The
below-normal precipitation in northwestern Kansas
may have contributed to water-level declines
exceeding 20 feet in parts of Sheridan and Thomas
Counties.

Another area of large water-level declines
(10 to 20 feet) in the Northern High Plains from
1980 to 1992 is in Box Butte and northern Morrill
Counties in the Panhandle of Nebraska. Irrigation
development began in this area in the early 1950’s
and was followed by declines averaging about
30 feet by 1980 in parts of Box Butte County
(fig. 7) or about 1 foot per year. From 1980 to 1992
declines averaging about 15 feet or about 1.25 feet
per year occurred in a substantially larger area.
This is an area of small recharge rates (fig. 3), large
consumptive irrigation requirements (fig. 5), and
large ground-water withdrawals (fig. 4). Precipi-
tation was slightly above normal in this area during
1981-91, averaging about 14 inches annually.

Water levels rose in several parts of the
Northern High Plains from 1980 to 1992, generally
in areas of above-normal precipitation during
1981-91. Discontinuous areas with rises of 5 to 10
feet occurred in the eastern High Plains of
Nebraska, where precipitation was commonly 2 to
4 inches above normal. The magnitude and area of
the 1980-to-1992 rises in eastern Nebraska, how-
ever, are substantially smaller than the 1980-to-
1988 rises reported by Kastner and others (1989) as
a result of several years of water-level decline after
1988 (Dugan and others, 1990; Dugan and Schild,
1992).

Another area of water-level rises, as much as
10 to 20 feet since 1980, was in south-central
Nebraska. These rises resulted from seepage
losses from surface-water irrigation. Water-level
rises have exceeded 50 feet throughout large areas
of Gosper, Phelps, and Kearney Counties in south-
central Nebraska since predevelopment (1940)
(Ellis and others, 1990). This has caused substan-
tial areas of cropland to become saturated and lost
from production. The trend of rising water levels
has been reversed since the late 198(0’s through
remedial pumping in high water-table areas and by
lining canals to reduce seepage losses.
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Table 6. Area-weighted average annual precipitation during 1981-91 and departure from 30-year normal
precipitation (1951-80)

[data from U.S. Department of Commerce, National Climatic Data Center, Asheville, North Carolina]

Area-weighted average annual

Area-weighted average

State precipitation (inches) departure (inches)
Colorado 17.37 +1.35
Kansas 21.64 +1.02
Nebraska 22.18 +1.34
New Mexico 18.41 +3.56
Oklahoma 21.30 +2.79
South Dakota 19.82 +1.43
Texas 20.61 +2.75
Wyoming 15.61 +1.78
High Plains 20.76 +1.74

Widely scattered areas of water-level rise also
occurred in Wyoming, extreme northeastern
Colorado, and the southern Nebraska Panhandle
from 1980 to 1992. These rises generally were in
areas where precipitation was well-above normal
during 1981-91 (figs. 11 and 12).

Central High Plains

Water-level declines from 1980 to 1992
exceeding 5 feet extended throughout large parts of
the Central High Plains (fig. 11). These declines
exceeded 20 feet in a large, nearly continuous area
of southwestern Kansas, the central Panhandle of
Oklahoma, and the northern Panhandle of Texas.
Water levels declined as much as 50 to 100 feet in
parts of this area from local predevelopment (1950)
to 1980, and the declines exceeded 100 feet in
some small areas of southwestern Kansas and the
Oklahoma Panhandle (fig. 7). The average annual
rate of decline in this area from predevelopment to
1980 was about 2.5 feet. The rate of decline was
about 2 feet per year from 1980 to 1992; but the
area of decline is considerably larger than the area
of decline from predevelopment to 1980.
Irrigation development continued in parts of south-
western Kansas until about 1983, which could
account for the enlarged area of declines from 1980
to 1992 (Kastner and others, 1989).

Average annual precipitation during 1981-91
(fig. 12), which ranged from slightly below normal
in parts of southwestern Kansas to well-above
normal in the Oklahoma and Texas Panhandles,
does not provide an explanation for the large
water-level declines in this area from 1980 to 1992
(fig. 11). This area, however, has among the largest
net withdrawal rates in the High Plains (fig. 6) as a
result of small potential recharge rates (fig. 3) and
large consumptive irrigation requirement rates
(fig. 5). In addition, the intensive development of
irrigated agriculture in much of this area
contributes to large ground-water withdrawals
(fig. 4).

Other large areas in the Central High Plains
with declines exceeding 5 feet since 1980 are
southeastern Colorado, south-central Kansas, and
the central Panhandle of Texas (Carson and eastern
Potter Counties). From predevelopment to 1980,
substantial water-level changes did not occur in
either southeastern Colorado or south-central
Kansas (fig. 7). Water levels declined as much as
50 to 100 feet, however, in the central Panhandle of
Texas prior to 1980, and additional declines since
1980 totaled more than 20 feet. The areas of
decline in south-central Kansas appear to be asso-
ciated with areas of below-normal precipitation
during 1981-91. Precipitation, however, was
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above normal in southeastern Colorado and the
central Panhandle of Texas.

Water-level rises of more than 5 feet in the
Central High Plains were only in localized areas of
the northern Panhandle of Texas and western
Oklahoma, where ground-water withdrawal rates
are generally small (fig. 4). Average annual precip-
itation during 1981-91 was more than 6 inches
above normal throughout much of this area.

Southern High Plains

Two contrasting water-level-change trends
were evident in the Southern High Plains from
1980 to 1992 and are continuations of water-level
changes that occurred from predevelopment to
1980. In the northern part of the Southern High
Plains, where water levels in some areas declined
more than 100 feet throughout large areas prior to
1980 (fig. 7), further declines exceeding 20 feet
occurred from 1980 to 1992 in a nearly continuous
area extending from the New Mexico-Texas border
to Floyd County, Texas (fig. 11). From predevel-
opment (1940) to 1980, the average annual rate of
decline exceeded 2.5 feet. From 1980 to 1992, the
average annual rate of decline decreased to about
2 feet. Improved irrigation management practices,
decreases in irrigated acres, and precipitation
averaging as much as 4 to 6 inches above normal
annually during 1981-91 probably account for this
slower rate of decline since 1980 (J.B. Ashworth in
Dugan and Schild, 1992).

A smaller area of substantial water-level
declines from 1980 to 1992 in the Southern High
Plains is located in Gaines County, Texas, and Lea
County, New Mexico. From predevelopment to
1980, declines were between 10 and 50 feet in this
area and since 1980 have been more than 20 feet in
parts of this area. Thus, the rate of decline from
1980 to 1992, about 2 feet per year, exceeds the
local predevelopment (about 1950)-to-1980 rate of
less than 1 foot per year. Substantial irrigation
development occurred in this area after the mid-
1960’s (Gutentag and others, 1984), and precipit-
ation during 1981-91 was only slightly above
normal (fig. 12).

Water levels rose over a large area of the south-
ern part of the Southern High Plains of Texas from
1980 to 1992. Rises exceeded 20 feet in large parts
of Dawson, eastern Gaines, and central Martin

Counties, Texas, an average rise of about 2 feet per
year. From predevelopment to 1980, water levels
rose more than 10 feet in only one small area of
Dawson and Lynn Counties. Much of the
remaining areas with substantial rises since 1980
previously had declines of 10 to 50 feet from
predevelopment to 1980 (fig. 7).

The water-level rises in the southern part of the
Southern High Plains since 1980 appear to resuit
from multiple causes: (1) Average annual precipi-
tation in this area was generally 4 to 6 inches above
normal during 1981-91 (fig. 12). (2) Ground-water
withdrawals are generally small in this area (fig. 4).
(3) Acres irrigated have decreased since 1980. (4)
Improved irrigation management and cultivation
practices have been implemented. (5) The potent-
iometric surface of an aquifer underlying the High
Plains aquifer has been rising (J.B. Ashworth, in
Dugan and Schild, 1992, p. 47).

Interregional Comparisons

The large regional differences in the historical
development and intensity of irrigation, potential
recharge, and consumptive irrigation requirements
have contributed to large regional differences in the
status of the High Plains aquifer. This status may
be expressed as either absolute or relative change
in the saturated thickness of the aquifer (table 7).
Relative change is indicated as a percentage of
predevelopment saturated thickness.

The three States exclusively in the Northern
High Plains; Nebraska, South Dakota, and
Wyoming, where the area-weighted saturated
thickness averages about 315 feet, have had
virtually no change in average saturated thickness
since predevelopment. The initially large saturated
thickness, larger recharge rates (fig. 3), smaller
consumptive irrigation requirements (fig. 5), and
later development of ground-water irrigation have
contributed to less depletion of the High Plains
aquifer in the Northern High Plains than in the
other parts of the High Plains.

North-central Nebraska, characterized by
large areas of wetlands and streams with
remarkably steady discharges, is among the areas
with the most stable water levels in the Northern
High Plains. The stability of water levels in this
area results from large rates of recharge (fig. 3) and
very small rates of ground-water withdrawals
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Table 7. Average area-weighted saturated thickness of the High Plains aquifer, predevelopment,
1980, and 1992

Average area-weighted saturated thickness

1980 as a 1992 as a
Predevelopment 1980 percentage of 1992 percentage of
State (feet) (feet) predevelopment (feet) predevelopment
Colorado 83.2 79.0 95 76.0 91
Kansas 110.9 101.0 91 93.6 84
Nebraska 342.0 342.0 100 341.7 100
New Mexico 60.8 51.0 84 49.1 81
Oklahoma 141.3 130.0 92 128.2 91
South Dakota 207.6 207.0 100 207.1 100
Texas 143.7 110.0 77 107.5 75
Wyoming 182.0 182.0 100 183.3 101
High Plains 199.9 190.0 95 187.8 94

(fig. 4). Coincidentally, the largest saturated
thickness in the High Plains also occurs in
north-central Nebraska (400 to more than
1,000 feet, fig. 8).

The area-weighted average saturated thickness
in Colorado, Kansas, and Oklahoma, which com-
prise most of the Central Plains, was less than 100
feet in 1992 or about 85 percent of the predevelop-
ment saturated thickness. Most of the decline in
average saturated thickness is concentrated in
southwestern Kansas and the Oklahoma
Panhandle.

In New Mexico and Texas, which are largely in
the Southern High Plains, the area-weighted
average saturated thickness was less than 95 feet in
1992, or less than 80 percent of the predevelop-
ment saturated thickness. The larger decline in
saturated thickness in the Southern High Plains
than in other regions of the High Plains largely can
be attributed to earlier ground-water development
for irrigation. Much of the decline in average
saturated thickness in the Southern High Plains, as
in the Central High Plains, results from large
water-level declines in a few large areas (figs. 7
and 11).

The statistics in table 7 have limited appli-
cation in projecting possible future conditions in
the High Plains aquifer. Vertical change in the
water-storage capacity of the aquifer as the satura-

ted thickness changes and the variability of net
ground-water withdrawals make it impossible to
make reliable projections from the past rate of
change in saturated thickness alone.

WATER-LEVEL CHANGE AND
PRECIPITATION, 1991 TO 1992

The geographic patterns and magnitude of
water-level change from 1991 to 1992 (fig. 13)
closely resemble annual changes from 1988 to
1991. Average water-level changes in these four
consecutive years were similar even though
average annual precipitation differed substantially
(table 8). Water-level declines were widespread
throughout the High Plains from 1991 to 1992 in
spite of well-above normal precipitation in 1991 in
much of the High Plains (tables 9 and 10). Kansas
was the only High Plains State with below-normal
precipitation in 1991, which may have contributed
to an average area-weighted water-level decline
exceeding 1.1 feet in the State. Water-level rises
from 1991 to 1992 occurred in a few, widely
scattered areas where precipitation was generally
above normal in 1991 (figs. 13 and 14). Average
area-weighted water levels rose slightly only in
South Dakota and Wyoming.
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areas of large, localized rises. These mixed
patterns of water-level change also were evident in
previous years (Dugan and Schild, 1992; McGrath
and Dugan, 1993) and possibly represent an area
where some irrigation pumpage may be occurring
during the observation period, such as winter
irrigation of wheat.

Southern High Plains

Two contrasting trends continued in the
Southern High Plains from 1991 to 1992.
Widespread water-level declines that began as
early as 1940 with the development of ground-
water irrigation in the northern part of the Southern
High Plains continued from 1991 to 1992. These
declines were generally from 1 to 3 feet, with some
areas showing declines of 3 to 5 feet (fig. 13).
Annual precipitation in 1991 was extremely
variable in the northern part of the Southern High
Plains, ranging from more than 10 inches above
normal to more than 10 inches below normal
(fig. 14). There appears to be no observable
relation between the patterns of water-level decline
and precipitation in this area.

The long-term trend of rising water levels
continued in the extreme southeastern part of the
Southern High Plains. Rises of 1 to 5 feet were
common in this area and exceeded 5 feet in isolated
areas. Precipitation in 1991 was as much as
10 inches or more above normal in large parts of
the area where rises occurred. The area of - to
3-foot rises from 1991 to 1992 appears to be
substantially larger than the area of comparable
rises from 1990 to 1991 (McGrath and Dugan,
1993), which may be attributable to the well-above
normal precipitation in 1991.

Some of the areas where water-levels rose
from 1990 to 1991 in the central and southern parts
of the Southern High Plains (McGrath and Dugan,
1993) had declines from 1991 to 1992 that exceed-
ed 5 feet in some areas. The largest area of these
declines included parts of Gaines, Terry, and
Cochran Counties, Texas, and Lea County, New
Mexico. These declines do not appear to be related
to annual precipitation, which was well-above
normal throughout the area (fig. 14). A small area
on the border of Gaines County, Texas, and Lea
County, New Mexico, which has been an area of
nearly continuous declines since predevelopment,

had water-level declines generally exceeding 5 feet
from 1991 to 1992.

HYDROGRAPHS OF REPRESENTATIVE
OBSERVATION WELLS

The hydrographs in this report (figs. 15-22)
illustrate water-level changes through time in
selected observation wells in the High Plains
(fig. 1). These wells generally are located in areas
of substantial ground-water development and
water-level change. Criteria for specific
observation-well selection include: (1) wells that
represent water-table conditions, (2) long-term
observation wells that reflect, as close as possible,
water-level changes that are due to long-term
ground-water development from predevelopment
to 1992, and (3) observation wells at which
multiple water-level measurements are made each
year. Many of these wells are equipped with
continuous water-level recorders, but only
observations at selected time intervals are used to
contrast the hydrographs.

The hydrographs include the following
information pertaining to each well: (1) well depth,
(2) surface elevation at the well, and (3) a well
number that uniquely identifies the well in the
USGS National Water Information System com-
puter files. All hydrographs use the same scale
interval (20 feet) to facilitate comparisons among
hydrographs.

The varying responses of the different
observation wells generally represent the effects of
local patterns of ground-water development on
water levels in a given area. The hydrographs of
some observation wells, however, may indicate
certain characteristics of the observation well itself
or highly localized properties of the aquifer that are
not typical of the area. In addition, the hydrograph
trace of those wells with continuous recorders is
generally more irregular than wells without
continuous recorders because of the more
numerous observations.
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Colorado

The hydrograph for an observation well in
Yuma County (fig. 15A) is representative of the
large water-level declines that have occurred in an
area of substantial irrigation development in
northeast Colorado since the mid-1960’s. Water-
level declines began in this well in the mid-1960’s
and have been continuous except for a brief period
of rise in the late 1980’s. Water-level declines from
1964 to 1992 were nearly 45 feet. From 1968 to
1980, water levels declined about 2 feet per year.
Between 1980 and 1991, the rate of decline aver-
aged about 1 foot per year. This decrease in the
rate of decline likely is a result of an increase in
precipitation and a decrease in the rate of with-
drawals for irrigation. Water levels in this well,
however, declined nearly 10 feet from 1991 to
1992, which may indicate pumping of a nearby
well during the observation period in 1992 rather
than a permanent decline.

The hydrograph for the well in Washington
County (fig. 15B) indicates that long-term water-

level changes were small in this area of the High
Plains; water levels declined only about 3 feet from
1958 to 1992. The annual variability refiects
yearly differences in precipitation and pumpage.
The observation well is located in an area where
saturated thickness is less than 50 feet, well yields
are small (less than 500 gallons per minute), and
irrigation development is limited. The fluctuations
in the hydrograph indicate that irrigation may be
intermittent in this area. The slight rise in water
levels in this well from 1980 to 1992 occurred in
spite of below-normal precipitation during 1981-91
in this area.

The hydrograph of the well in Kit Carson
County (fig. 15C) is typical for wells used for
winter irrigation of wheat, a practice common
throughout much of the western High Plains. The
downward spikes are indicative of pumpage just
prior to late-December or January measurements.
From 1970 to 1992, the water level in this well has
declined about 12 feet or approximately 0.5 foot
per year (E.R. Banta, in Dugan and Schild, 1992,
p. 31-32).
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Figure 15. Water levels in observation wells in: A, Yuma County; B, Washington County;
C, Kit Carson County, Colorado.
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Kansas

The hydrograph of the well in Thomas County
(fig. 16A) shows a continual decline in water levels
that corresponds to an increase in irrigation in the
county following the drought of 1953-57. Total
declines from about 1955 to 1992 were about
16 feet or slightly more than 0.4 foot per year. The
water levels were generally stable from about 1981
to the mid-1980’s in response to above-normal
precipitation and a decline in the rate of irrigation
development. From 1987 to 1992, water levels
again declined at a slightly more rapid rate as a
result of increased irrigation withdrawals during a
period of below-normal precipitation.

The hydrograph of the well in Finney County
(fig. 16B) is indicative of the overall decline of
water levels since the early 1950’s in this area of
extensive irrigation development. Following World
War II and the introduction of large-capacity
turbine pumps, irrigation developed rapidly in this

part of southwestern Kansas until the mid-1970’s.
From the early 1950’s until the early 1980’s, water
levels in this well declined more than 40 feet, an
average decline of nearly 1.5 feet per year. Since
1980, however, above-normal precipitation,
decreases in irrigated acreages, and declines in
pumpage rates have resulted in additional
water-level declines of only about 10 feet in this
well or about 0.8 foot per year.

The well located in Sedgwick County
(fig. 16C) 1s completed in the unconsolidated
Equus beds, which are principally Pleistocene in
age. This formation, which constitutes the eastern
extension of the High Plains aquifer in south-
central Kansas, is used extensively for public-
water supplies in this area. Rapid rates of long-
term natural recharge (fig. 4) in this area contribute
to the generally stable long-term water levels in
this well (L.J. Combs and B.J. Pabst, in Dugan and
Schild, 1992, p. 34-36).
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Figure 16. Water levels in observation wells in: A, Thomas County; B, Finney County; C, Sedgwick County, Kansas.
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Nebraska

The hydrograph of the well in Box Butte
County (fig. 17A) represents the long-term water-
level declines that have occurred in this area since
the early 1950’s. Water-level declines exceeded
42 feet from 1951 to 1992 or about 1 foot per year
in this well, which is located in an area of intensive
irrigation development. Limited recharge (fig. 3)
and large consumptive irrigation requirements
(fig. 5) as a result of small average annual precip-
itation (16 inches) in the area have contributed to
these long-term declines.

The hydrograph of a well in Chase County
(fig. 17B) represents the decline in water levels
soon after substantial irrigation development began
in southwestern Nebraska in the mid-1960’s. Water
levels declined about 38 feet from 1964 to 1992 or
nearly 1.4 feet per year. Water levels rose slightly
from 1980 to 1984 during a period of increased
recharge and smaller consumptive irrigation
requirements associated with much above-normal
precipitation. Strict controls on annual irrigation-
withdrawal rates and on the development of addi-
tional irrigated land were implemented in south-
western Nebraska in the late 1970’s and apparently
have contributed to slower rates of water-level
decline since the early 1980’s. The hydrograph
indicates the seasonal drawdown patterns of the

water table associated with irrigation pumpage
from nearby wells during the growing season.
There are eight irrigation wells within 1 mile of the
observation well. Seasonal drawdowns appear to
have been greatest in the late 1970’s, perhaps
indicating the period of maximum pumpage in the
surrounding area prior to implementation of
ground-water controls.

The hydrograph of a well in Seward County
(fig. 17C) represents water-level conditions in the
extreme eastern High Plains of Nebraska from
shortly after irrigation development began in the
area in the mid-1950’s. From 1963 to 1982, water
levels declined about 9 feet followed by water-
level rises of about 12 feet from 1982 to 1988 when
annual precipitation averaged about 32 inches or
6 inches above normal. Since 1988, annual precip-
itation in the area has averaged about 22 inches or
more than 5 inches below normal, and water levels
have declined about 5 feet. The water level in this
well, however, declined less than 3 feet from 1959
to 1992, indicating large recharge (fig. 3) and small
average consumptive irrigation requirements
(fig. 5) during this period for this area. Seven
irrigation wells are within 1 mile of the observation
well and contribute to the pattern of seasonal
drawdowns (J.T. Dugan, in Dugan and Schild,
1992, p. 38-40).
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Figure 17. Water levels in observation welis in: A, Box Butte County; B, Chase County; C, Seward County, Nebraska.
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New Mexico

The hydrograph of an observation well in
Union County in northeastern New Mexico
(fig. 18A) represents an area of moderate irrigation
development but very small average recharge
(fig. 3) and large average consumptive irrigation
requirements (fig. 5), which apparently have
contributed to a steady decline in water levels in
the area. Water levels in this observation well have
declined about 16 feet since 1969. Substantial

declines probably occurred in this area prior to the
installation of this well (see fig. 7).

The hydrograph in figure 18B represents an
observation well in Curry County, just west of the
intensively irrigated area in the northern part of the
Southern High Plains of Texas and New Mexico.
Water levels have declined steadily a total of about
16 feet in this well from 1961 to 1992--an average
of 0.5 foot per year (R.R. Cruz, in Dugan and
Schild, 1992, p. 41-42).
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Figure 18. Water levels in observation wells in: A, Union County; B, Curry County, New Mexico.
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Oklahoma

The hydrograph of an observation well in
Texas County (fig. 19A) shows a continual water-
level decline totaling nearly 25 feet since the early
1960’s. Most of this decline has occurred since
about 1974. This observation well is located in
Texas County on the southwestern edge of a large
cone of depression in the water table. Water levels
in the center of this cone declined about 100 feet
from 1940 to 1980 (fig. 7). Declines in this well
largely reflect the effect of long-term withdrawals
for irrigation rather than short-term variability of
precipitation in the surrounding area. The rate of
water-level decline in the well began to increase in
the early 1970’s, reflecting an increase in acres
irrigated that continued through 1981. A decrease
in irrigated cropland since 1981 and a possible
decrease in rates of withdrawals for irrigation in
the 1980’s as a result of above-normal precipitation
appear to have slowed the rate of water-level
decline in recent years. Irrigated acreage in Texas
County decreased from a peak of nearly
190,000 acres in 1981 to less than 110,000 acres in
1990 (J.S. Havens, in Dugan and Schild, 1992,

p. 43).

South Dakota

Net water-level change in a shallow observa-
tion well in Bennett County (fig. 204) was minimal
from 1960 to 1992. These stable water-level
conditions are indicative of the minimal irrigation
development in this area. The upturn in the hydro-
graph in 1990 probably is related to the above-
normal precipitation in 1990 in this area. The
water level declined slightly from 1991 to 1992
during a period when precipitation was well-below
normal (fig. 12).

Water levels in an observation well in Tripp
County in the eastern High Plains of South Dakota
rose about 5 feet between the early 1980’s and
about 1990 (fig. 20B). This rise may be attributable
to above-normal precipitation in 1981-90, which
averaged about 23 inches annually or 3 inches
above normal. Irrigation development is minimal
in this area (J.R. Little and K.M. Neitzert, in Dugan
and Schild, 1992, p. 45). Since 1990, water levels
have declined slightly during a period of
below-normal precipitation.

48 Water-Level Chenges in the High Plains Aquifer--Predevelopment to 1992



IN FEET

DEPTH TO WATER,
BELOW LAND SURFACE

120 1 T 1 T | T
A.
140 - Well number: 363033101440701 Depth 386 feet
Texas County, Oklahoma Elev. 3,430 feet
160 - =
180 |- ~
200 |- \ 4
220 | 1 | 1 ] 1
1930 1940 1950 1960 1970 1980 1990 2000

Figure 19. Water levels in observation well in: A, Texas County, Oklahoma.
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Figure 20. Water levels in observation wells in: A, Bennett County; B, Tripp County, South Dakota.
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Texas

The hydrograph for an observation well in
Lamb County, Texas, illustrates the continuous
depletion of the aquifer in the northern part of the
Southern High Plains (fig. 21A4). As a result of
intensive irrigation withdrawals since the early
1950’s, water levels had declined nearly 67 feet by
1992. Declines averaged about 3 feet per year from
1978 to 1986 and 2 feet per year after a period of
stable water levels in 1986.

The hydrograph for an observation well in
Lubbock County illustrates a unique condition
(fig. 21B). Water levels began to rise in this well in
the late 1960’s after the City of Lubbock curtailed
ground-water withdrawals and began to import
water from outside the county. Ground-water with-
drawals were curtailed further by a decrease in
irrigation caused by the expansion of the city into
previously irrigated farmland. Substantial amounts

of recharge to the aquifer occur locally as a result
of storm runoff, which collects in a large surface
depression located in the southwestern part of the
city. Although water levels rose nearly 30 feet
between the late 1960’s and 1992, declines of
about 7 feet did occur in the well from 1988 to
1992.

The hydrograph for the well in Gaines County
illustrates the rise in water levels in the south-
eastern part of the Southern High Plains (fig. 210).
Water levels in this well rose nearly 35 feet from
1969 to 1992, about 30 feet of this rise occurring
since 1982. Precipitation in this area averaged 4 to
6 inches above normai 1in 1981-91 (fig. 14). In
addition, water levels in this area may have been
affected by a rise in the potentiometric surface of
the aquifer in the Cretaceous formation underlying
the High Plains aquifer (J.B. Ashworth, in Dugan
and Schild, 1992, p. 47-48).
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Figure 21. Water levels in observation wells in: A, Lamb County; B, Lubbock County; C, Gaines County, Texas.
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Wyoming

The hydrograph for a well in eastern Laramie
County, near the Nebraska border, shows a rise of
about 5 feet in the early 1980’s but a net decline
totalling nearly 4 feet from 1985 to 1992 (fig. 22A).
Precipitation during 1981-91 averaged 2 to 4
inches above normal (fig. 14). The water-level
decline in this well does not appear to be closely
related to precipitation but to a possible increase in
ground-water withdrawals in the surrounding area.
The hydrograph indicates the well is very respons-
ive to pumping of nearby wells, characterized by
large, rapid drawdowns and recoveries.

Water levels in a well in southern Laramie
County declined nearly 20 feet from 1974 to 1980,
rose nearly 15 feet from 1980 to 1986, and
declined about 3 feet from 1985 to 1992 (fig. 22B).
The rise from 1980 to 1985 occurred during a

pertod when precipitation averaged nearly 6 inches
above normal. The declines from 1985 to 1992,
however, probably are related to an increase in
pumpage in the surrounding area. During 1985-92,
precipitation in the area averaged slightly above
normal. Water levels in this well, however, rose
more than 2 feet from 1991 to 1992, probably as a
result of precipitation that was 5 to 10 inches above
normal in 1992.

Water levels in a well in southern Niobrara
County declined nearly 15 feet between 1973 and
1992, which is an average decline of about 0.8 foot
per year (fig. 22C). The rate of decline was about
1.2 feet per year between 1973 and 1982, but only
about 0.3 foot per year between 1982 and 1992.
Precipitation from 1981 to 1990 was near normal
or about 14 inches annually (fig. 11) (K.A. Miller,
in Dugan and Schild, 1992, p. 50-51).
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Figure 22. Water levels in observation wells in: A, eastern Laramie County; B, southern Laramie County;

C, Niobrara County, Wyoming.
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